Ripe and semi-ripe umbu fruits (Spondias tuberosa Arruda Câmara) have been undergone into an osmotic pre-drying in a sucrose solution at 76ºBrix, from an initial moisture content to its stability. After the osmotic drying, fruits have been dried up to final water rates of 40, 35 and 30%b.u., in the experimental fixed dryer at temperatures of 70, 80 and 90ºC and drying air speed of 1.27m.s -1 . Proposed equations by Page and Fick have been set up to experimental dada (by using one, two and three series terms) by non-linear regression. The obtained results allow the conclusion that the best found adjusts have been the ones with Page's equation, where the determining coefficients were over 99.5%. However, Fick's equation, even having used three terms from the series, hadn't shown a satisfactory adjust for all temperatures in study, although it was used three terms from the series.
INTRODUCTION
Brazil has traditionally imported dried fruits, and the main acquired fruits in the Brazilian market are grapes, plum, tamara, apricot, and fig, although there are other fruits which are consumed less than those, which are pear, peach, and apple (Canto et al., 1997) .
The drying process of tropical fruits, to be consumed in form of raisin or dried fruit, is an aspect that is getting attention of several national farmers, due to their interest towards the exporting market.
One of the traditional applied methods to obtain raisin is the drying process, which has as its aim the decreasing water activity, and consequently the food conservation.
_______________________
Since fruits present high moisture content, the drying process goes to a remarkable reduction on packing, storage and transportation costs, besides of preventing against deterioration, increasing storage life of these products. One of the used methods to increase the final product conservation and drying of raisin fruits is the osmotic predrying, where the material suffers a water partial loss due to its immersion in a sucrose solution for a stabilized period of time.
After this osmotic pre-drying, the fruit goes to a traditional dryer, some water is taken off till the fruit presents a semi-consistent tissue, which is the raisin fruit characteristic, not undergoing into a total dehidratation. According to Sousa (1999) , for the umbu fruit, the moisture content varies from 30% to 40% wet basis.
Regarding the physical aspect, food drying is a simultaneous process of heat and mass transfer and it is affected by several internal and external conditions such as food properties and air condition. This process has been studied by several authors (Fusco et al., 1991; Jayaraman & Das Gupta, 1992; Waananen et al., 1993; Mulet, 1994) .
According to Gabas (1998) , in the drying studies, after obtaining the curves and characterizing the drying periods, it is interesting to describe mathematically the process, so that the equations can be used in the proper kinetic studies or in dryer projects.
According to Soares (1996) , several thinlayer drying equations are found in the literature and have been proposed by several authors for many products. The parameters that have major influence in the drying curves are: temperature, product initial moisture content, drying air flow, and relative humidity.
The thin layer equation is the basis for the knowledge of the thick layer drying process for a certain product. So, it's necessary to know the thin layer drying curves of the referred product to design studies update and simulate dryers, (Cavalcanti Mata & Braga, 1999) .
Therefore, the present work aims to determine the drying curves of ripe and semi-ripe umbu fruit in thin layer, after an osmotic pre-drying at 76 o Brix, for temperatures of 70, 80, and 90 o C and drying air speed of 1.27m. s -1 , starting from an initial moisture content and drying up to moisture contents of 30, 35, and 40% wet basis.
MATERIAL AND METHODS
This research has been conducted in the Storage and Processing of Agricultural Products Laboratory of the Agriculture Engineering Department of the Federal University of Paraíba.
Ripe and semi-ripe umbu fruits had been, used as first material, they was chosen to present a similar ripeness degree. The selected and cleared fruit have been put into a sucrose solution at 76% for a necessary period of time until they reach the osmotic equilibrium. Afterwards, the product at each ripeness stage has been transferred to a tray dryer with forced air circulation, at temperatures of 70, 80, and 90 o C in order to allow a supplementary drying until the product reaches the moisture content of 30, 35, and 40%. The decrease of the fruit moisture content has been followed by the loss of the product weight, checked with a Metler PC 440 scale, with 0.001g accuracy.
To determine the dynamic equilibrium moisture content, a fruit sample has been left in the dryer until it reaches the constant weight.
After drying, the experimental data has been fitted to two drying models: Page's (Eq.1) and Fick's equations (Eq.2). For the Fick's equation three terms of the series have been used. Figure 1 shows experimental and calculated data for Page's equation, that was elaborated from the average drying data of ripe and semi-ripe umbu fruit and which had been obtained after osmotic pre-drying. We can observe in this figure that all curves present coefficients of determination superior to 99.5%. These results indicate good fitting of the proposed equation by Page to experimental data, and confirms made statements by several authors (O'Callaghen et al.; 1971; Misra & Brooker, 1980; Soares, 1996; Cavalcanti Mata, 1993; Christ, 1996; Cavalcanti Mata, 1997 ) that this equation is one of the best to represent the thin layer drying curves of agricultural products. Table 1 to semi-ripe and ripe predrying osmotic umbu fruit. On this figure, it can be observed that the K and n coefficients of Page's equation vary from -0.021 to -0.056 and from 0.93 to 1.32, respectively. Checking this table, one can observe that the K coefficient is bigger, in absolute terms, to ripe umbu fruit if it's compared to drying of the semi-ripe umbu fruit. It is also possible to observe that the n coefficient presents very close values for temperatures of 80 and 90 o C for both states of ripeness.
RESULTS AND DISCUSSION
Several researchers which have studied Page's equation, for different temperatures, have found very close values for n and they have adopted an average value for it, and they've established that only the K coefficient is a function of temperature. Dalpasquale et al. (1987) , with his studies involving soybean drying found a value of 0.6 for n for this product and Cavalcanti Mata (1997) has found a value of 0.8 for beans. Thus, in this study, an average value of 1.2 has been assumed for n, and new regression equations have been developed to establish new K coefficients as a function of temperature. Observing Table 2 it can be noted that, when the coefficients are expressed as a temperature function, the coefficient of determination decreased to 98%, although they are still considered high, they are inferior to those that are obtained for each temperature separately.
Considering umbu fruit as a sphere, Fick's equation has been used to get diffusion coefficient values, taking into consideration up to the third term of the series. Figure 4 shows, respectively experimental data and when it's calculated with Fick's equation.
It's used up the third term of the series, for semiripe and ripe umbu fruit drying, with osmotic predrying at temperatures of 70, 80, and 90 o C. On this figure and Table 3 we can observe that the determining coefficients are quite inferior to Page's equation, which has presented determining co-efficient superior to 99.5%. This does not mean that Fick's equation isn't satisfactory to experimental data, but the number of used terms isn't satisfactory. This fact has been also observed by Prado (1998) in his work with tamaras, where it was necessary to use 5 series terms so that Fick's equation can be considered satisfactory. Sousa (1999) tells that 20 series terms has been necessary for some products. In this case, Fick's equation comes to be hard to use, and the researcher should chose empiric equation with better results. 
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